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(54) Method and apparatus for manufacturing hollow plastic articles 



(57) A method and apparatus for manufacturing hol- 
low plastic articles (20) having a wall (21 ) which at least 
partly consists of at least one core layer (24) and two 
outer layers (22,23) covering the core layer on both 
sides, in particular suitable for manufacturing preforms 
for bottles, wherein use is made of an injection-molding 
machine with a mold comprising at least one mold cavity 
(60), and an injection nozzle which, via an injection 
channel (63) in the mold, connects to the mold cavity 
and has a central material feed channel (32), a needle 
(40) of a controllable needle valve, which needle is ac- 
tive in the central material feed channel (32) and can 
close or release the part (32a) of the central material 
feed channel located adjacent the injection channel 



(63), and at least one further material feed channel (36), 
opening into the central material feed channel (32), 
wherein first a plastic material (Ml) of a first type for 
forming the outer layers (22,23) is fed to the mold cavity 
and then at least one plastic material (M2) of a second 
type for forming at least one core layer (24). After the 
feed of the material (M2) of a second type and after the 
freezing of the material in the injection channel (63), ma- 
terial (M1) of the first type is fed to the central channel 
(32) in at least the space before the free end of the nee- 
dle (40). and then, the needle is moved to the injection 
channel (63) for mechanically compressing, in the sprue 
of the plastic article located in the injection channel, the 
material located before the needle. 
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Description 

The invention relates to a method and apparatus for 
manufacturing hollow plastic articles having a wall which 
Is at least partly built up of two or more layers. The in- 5 
vention is in particular suitable for the production of pre- 
forms for bottles according to an injection-molding meth- 
od. 

In the last few years, the use of plastic containers 
instead of glass containers has taken place on an in- 
creasingly large scale. As a consequence, the number 
of used plastic containers, such as bottles, also increas- 
es substantially. Although in principle, the used plastic 
bottles are indeed suitable, like glass bottles, for being 
refilled a number of times, the number of plastic bottles 
that are no longer suitable for being filled and sold again, 
and that should hence be considered waste material, 
increases as well. Usually, however, the material which 
the plastic bottles consist of is in fact suitable for being 
reused for manufacturing plastic bottles. 

However, this involves the problem that it is often 
required that the reused material in the final product 
manufactured by means thereof, do not come into con- 
tact with the contents of the containers. 

Sometimes, it is also desired for other reasons to 
provide a core layer of a different material in the wall, or 
a part thereof, of a plastic container. Such a core layer 
can for instance serve as a barrier layer to render the 
wall of the container to be formed impermeable to spe- 
cific substances. For instance, the core layer can have 
special water-impermeable or oxygen-impermeable 
properties to prevent diffusion of water or oxygen 
through the container wall. Depending on the properties 
desired, such a core layer can consist of virgin or reused 
material. 

A problem that may be involved in the use of a core 
layer is that the bond between the core layer and the 
material layers enveloping the core layer on the inside 
and the outside of the casing proves to be insufficient. 
I n that case, the layers may come loose from each other, 
which may manifest itself when the preforms are inflated 
into bottles or when the preforms cool down, or during 
the use of the bottles, as a consequence of which the 
container may become useless. 

Hence, there is a need for an improved manufac- 
turing method for plastic containers, of which the wall at 
least partly contains a core layer of a type of material 
different from that of the outer layer. In this connection, 
a different type of material is also understood to mean 
the same material as that of the outer layer, yet in reused 
form. It is the object of the invention to satisfy the above- 
outlined need. To this end, in accordance with the inven- 
tion, a method for manufacturing hollow plastic articles 
having a wall which at least partly consists of at least 
one core layer and two outer layers covering the core 
layer on both sides, in particular suitable for manufac- 
turing preforms for bottles, wherein use is made of an 
injection-molding machine with a mold comprising at 



least one mold cavity, and an injection nozzle which, via 
an injection channel in the mold, connects to the mold 
cavity and has a central material feed channel, a needle 
of a controllable needle valve, which needle is active in 
the central material feed channel and can close or re- 
lease the part of the central material feed channel locat- 
ed adjacent the injection channel, and at least one fur- 
ther material feed channel, opening into the central ma- 
terial feed channel, wherein first a plastic material of a 
first type for forming the outer layers is fed to the mold 
cavity and then at least one plastic material of a second 
type for forming at least one core layer, is characterized 
in that after the feed of the material of a second type to 
the mold cavity, material of the first type is fed to the 
central channel in at least the space before the free end 
of the needle, and that after the material in the injection 
channel is at least partly frozen, the needle is moved to 
the injection channel for mechanically compressing, in 
the sprue of the plastic article located in the injection 
channel, the material located before the needle. 

In accordance with the invention, an apparatus for 
manufacturing hollow plastic articles having a wall which 
at least partly consists of at least one core layer and two 
outer layers covering the core layer on both sides, in 
particular suitable for manufacturing preforms of bottles, 
wherein use is made of an injection-molding machine 
with a mold comprising at least one mold cavity, and a 
injection nozzle which, via an injection channel in the 
mold, connects to the mold cavity and has a central ma- 
terial feed channel, a needle of a controllable needle 
valve, which needle is active in the central material feed 
channel and can close or release the part of the central 
material feed channel located adjacent the injection 
channel, and at least one further material feed channel, 
opening into the central material feed channel, wherein 
means are provided for first feeding to the mold cavity 
a plastic material of a first type for forming the outer lay- 
ers, and then feeding to the mold cavity at least one plas- 
tic material of a second type for forming at least one core 
layer, is characterized in that the controllable needle 
valve is adapted to mechanically compress, at the end 
of an injection-molding cycle, material located before 
and in the injection channel after the sprue of the hollow 
article, which sprue is located in the injection channel, 
is at least partly "frozen". 

It is observed that EP-A-0 367 123 discloses a pre- 
form whose wall partly comprises three layers, i.e. an 
inner and an outer layer of a first type of material and a 
core layer of a second type of material. The different ma- 
terials are injected into the mold cavity by means of an 
injection nozzle having a central channel and two con- 
centric channels provided around the central channel. 
Provided in the central channel is a needle valve where- 
by the central part can selectively be closed separately 
or in combination with one or two concentric channels. 
According to the technique described in EP-A-o 367 
123, the bottom portion of the preforms to be manufac- 
tured is provided with a second core layer of a third type 
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of material within the first core layer. Hence, the sprue 
comprises three concentric layers of material, whose 
end faces are exposed. Even if the third type of material 
entirely displaces or erodes the second type of material 
due to the fact that It is injected at a considerably higher s 
temperature, the end faces of the outer and inner layers 
and the second core layer respectively remain exposed, 
so that it remains possible that the layers come loose. 

Further, EP-A-0 380 215 discloses an apparatus 
having an injection nozzle comprising a needle valve for 
manufacturing multilayered preforms. In the method de- 
scribed in this document, too, the end faces of the dif- 
ferent layers are exposed in the sprue. 

In addition, EP-B-0 153 120 discloses a preform 
whose wall consists of five layers, whose end faces, 
however, also lie clear in the sprue again. Similar obser- 
vations hold for the preforms described in EP-B-0 375 
469, DE-A-35 19 921 and EP-B-0 371 487. 

Hereinafter, the invention will be further described 
with reference to the accompanying drawing of an ex- 
emplary embodiment. 

Fig. 1 schematically shows, in perspective, an ex- 
ample of an Injection-molding apparatus for produc- 
ing preforms; 

Fig. 2 schematically shows, in section, an example 
of a plastic-injection apparatus according to the in- 
vention for use in an injection-molding apparatus for 
producing preforms; 

Fig. 3 schematically shows, in cross section, a part 
of a preform for a plastic bottle, manufactured in an 
apparatus according to the invention; 
Figs. 4-8 schematically illustrate an exemplary em- 
bodiment of a method according to the invention; 
Figs. 9 and 10 show the volume flows of materials 
used in the method of Figs. 4-8; 
Figs. 11-15 schematically illustrate another exem- 
plary embodiment of a method according to the in- 
vention; 

Fig. 16 schematically illustrates the curve of the in- 
jection pressure in the time in the method of Figs. 
11-15; 

Figs. 17-22 schematically illustrate another exem- 
plary embodiment of a method according to the in- 
vention; 

Figs. 23-28 schematically illustrate yet another ex- 
emplary embodiment of a method according to the 
invention; and 

Fig. 29 shows, in section, a part of a preform ac- 
cording to the invention. 

Fig. 1 schematically shows, in side elevation, an ex- 
ample of an injection-molding apparatus 1. comprising 
a frame 2 having a stationary machine plate 3. provided 
with a mold part 4, and a movable machine plate 5. pro- 
vided with a mold part 6. The machine plate 5 is con- 
nected to a drive mechanism 7, depicted in outline only, 
by means of which the machine plate 5 can be moved 



along the guide rods 8,9 from and to the opposite ma- 
chine plate 3, as Indicated by an arrow 10. The appara- 
tus further comprises a feeding device 11 for liquid plas- 
tic, such as for instance an extruder. 

Normally, the mold parts 4 and 5 each comprise a 
number of cavities or cores, usually arranged in rows 
and columns, so that during a single injection-molding 
cycle a large number of products, such as preforms for 
containers, can be manufactured. Via a system of chan- 
nels, the liquid plastic is fed to the injection-molding cav- 
ities formed by the two mold parts in the closed position 
of the apparatus. When the mold is opened, the newly 
formed preforms usually stay behind in one of the mold 
parts and the preforms are removed from the mold in 
one of the manners known for that purpose, for instance 
by means of a robot arm. 

As observed hereinabove, there is a need for a pos- 
sibility of processing priorly used material in new prod- 
ucts, or of using an intermediate layer of a different type 
of material. For containers such as bottles, this means 
that there is a need for a possibility of manufacturing 
products with two outer layers from new material, 
wherein, between the two layers, reused material or (vir- 
gin) material of another type is processed. 

Fig. 3 schematically shows, in section, a part 20 of 
a preform for a plastic bottle, having a wall 21 comprising 
an outer layer 22 of new material, an inner layer 23 of 
new material, and an intermediate layer 24 of reused 
material or material of another type. 

An example of an apparatus for feeding liquid plas- 
tic to a mold of an injection-molding apparatus so that a 
layered product as shown in Fig. 3 can be manufac- 
tured, is shown schematically in Fig. 2. Such an appa- 
ratus is also indicated by the term "hot runner". 

The feeding device 30 comprises a first injection 
nozzle 31 having a central channel 32 connected to a 
feed channel 33 for a first type of plastic, for Instance 
new material, also termed virgin material. The central 
channel 32 of the injection nozzle 31 connects to a cen- 
tral bore 32a in the injection nozzle 31 . The central bore 
has a smaller diameter than the central channel. 

Arranged over the first Injection nozzle 31 is a sec- 
ond injection nozzle 34, provided with a bore 35 in line 
with the central channel 32a, and at least one side chan- 
nel 36 which extends obliquely through the injection 
nozzle and is connected to a feed channel 37 for a sec- 
ond type of plastic, for instance material already used 
before. The bore 35 has the same diameter as the bore 
32a. The side channel can be an oblique bore or can 
have a slightly bent configuration, as shown in Fig. 2. 

Provided around the assembly of injection nozzles 
31 and 34 is an outer sleeve 38 comprising a heating 
element 39 for temperature regulation. The central 
channel 32 also continues through the sleeve 38. Ar- 
ranged In the central channel 32 is a needle 40 of a suit- 
able needle valve, which, by means of a suitable control 
device 41 , can be brought Into different positions, indi- 
cated by A, B and C in Fig. 2. The needle has a diameter 
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which is substantially equal to that of the bore 35 In the 
second injection nozzle and also to that of the end sec- 
tion of the central channel in the first injection nozzle. 
Hence, the needle can close off the injection nozzles. 
Except for the end section formed by the bore 32a, the 
central channel 32 in the first injection nozzle has a larg- 
er diameter than the needle, enabling liquid plastic to 
flow through this channel if the needle leaves the end 
section clear but does reach into the remaining part of 
the central channel. 

In the position Indicated by C, the needle leaves the 
end section of the central channel 32 free, as well as the 
bore 35 in the second injection nozzle. Accordingly, in 
this position, liquid plastic could be fed to the mold both 
via feed channel 33 and via feed channel 37. 

In position B, the end section of the central channel 
32 of the first injection nozzle is closed, but the bore 35 
in the second Injection nozzle is open. Accordingly, in 
this position, plastic can be fed via channel 36 only. 

Finally, in position A, both injection nozzles are 
closed. 

The positions of the needle valve are controlled by 
a control device 41 , which, in the example shown, com- 
prises a multi-stage piston system operated by a pres- 
sure medium. The multi-stage piston system can for in- 
stance be operated pneumatically. 

In the example shown, the head 42a of the shank 
42 of the needle valve 40 is mounted in a first piston 43, 
located in a narrowed portion 44 of the cylinder 45. 
Above the piston, the narrowed portion 44 of the cylinder 
communicates with a pressure line 46. At its lower end, 
the piston 43 has a shoulder 47, in this example located 
directly around the needle valve. In the position shown, 
the shoulder 47 rests against a second piston 48, locat- 
ed in a wider portion 49 of the cylinder. The shoulder 47 
has as a result that between the pistons 43 and 48, there 
is always a chamber 50 having minimum dimensions 
determined by the shoulder. Via a bore 51 in the cylinder 
wall, the chamber 50 is connected to a second pressure 
line 52. The second or lower piston 48 has its lower end 
again provided with a shoulder 53, which, in the situation 
shown, rests against a cylinder bottom 54 located in a 
still wider portion 55 of the cylinder. The shoulder is 
again a central shoulder, realizing again a minimum free 
chamber 56 between the central piston and the bottom 
54. Via a channel 57 in the cylinder wall, the chamber 
56 communicates with a third pressure line 58. 

The shank 42 of the needle valve can sealingly slide 
through bores in the lower piston and the cylinder bot- 
tom, which bores comprise sealing means. 

The position of the needle valve can now be con- 
trolled by feeding, in a suitable manner, pressure medi- 
um to the cylinder via pressure lines 46,52 and 58. 

In table 59 it is indicated which pressure lines 
should be energized in order to bring the needle valve 
into the positions A, B and C. For energizing the pres- 
sure lines, suitable energizing means can be provided, 
which can for instance comprise controllable valves or 



the like. The valves or the like can advantageously be 
controlled in a preprogrammed manner, for instance by 
a microprocessor. Position A (complete closure of the 
injection nozzles) is realized through energization (indi- 

5 cated by "1") of pressure line 46, while the other pres- 
sure lines are relieved (indicated by "0"). The Figure 
shows the needle in position A and also shows the as- 
sociated piston positions. 

If, starting from position A, the pressure on line 46 

10 is maintained and the line 58 is also energized, an in- 
creased pressure is created in the chamber 56. Be- 
cause the piston 48 has a larger diameter than the first 
piston 43, the force exerted by the second piston 48 on 
the first piston 43 via the shoulder 47 is greater than the 

IS force exerted on the first piston via the pressure line 46. 
Hence, the pistons 48 and 43 will move upwards until 
the piston 48 reaches the narrowed top portion 44 of the 
cylinder. The needle is then in position B. If, next, via 
pressure line 52, the chamber 50 below the upper piston 

20 is energized and at least the pressure line 46 commu- 
nicating with the space above the upper piston is re- 
lieved, then the upper piston 43 will move further up- 
wards, causing the needle valve to take up the position 
C. 

25 Hence, the needle can be brought into any of the 
positions indicated by properly effecting an increased 
pressure in one or more of the spaces in the cylinder 
above the upper piston and/or between the pistons and/ 
or below the lower piston. In the example described, it 

30 is assumed that the energization pressure of all pres- 
sure lines always has the same value, and the force act- 
ing on the pistons differs because the pistons have dif- 
ferent diameters. In principle, it is also possible to work 
with different pressure values, for instance through the 

55 use of reducing valves, optionally in combination with 
pistons of different diameters, to realize a comparable 
control. 

Further, Fig. 2 schematically shows a mold cavity 
60 for a preform for a bottle, which mold cavity connects 

40 to the bore 35. The mold cavity is located between one 
mold part, provided with one or more cavities, and the 
other mold part, carrying one or more cores 61 . Further, 
cooling channels 62 are provided around the mold cav- 
ity, and, commonly, also in the cores 61, through which 

45 cooling channels, in operation, cooling liquid flows. 

In a practical injection-molding cycle, the apparatus 
41 can be controlled in different manners. Depending 
on the injection-molding method to be used, two or three 
positions of the needle valve can be used therefor. 

so Figs. 4-1 0 illustrate an injection-molding method for 
preforms of bottles, wherein two different positions of 
the needle valve are used. Figs. 4-8 schematically illus- 
trate a number of phases a through e of an injection- 
molding cycle, wherein the needle assumes two differ- 

55 ent positions corresponding to the positions C and A of 
Fig. 2. Figs. 9 and 10 show the associated curve of the 
volume flows VI and VII respectively in the channels for 
the first and the second type of material. Figs. 4-9 sche- 
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matically show, in section, a similar injection nozzle 60 
as shown in Fig. 2, provided with a central bore 32a, 35, 
and one or more oblique bores 36 opening into the cen- 
tral bore. In the Figure, two oblique bores 37 are indi- 
cated. The central bore connects to a short injection 
channel 63 of a mold cavity 60. Located in the central 
bore Is the needle 40 and from the injection channel to 
beyond the oblique bore 36, the central bore has a rel- 
atively small diameter, in a similar manner as indicated 
In Fig. 2. This diameter corresponds to that of the nee- 
dle, at least the end thereof. 

Fig. 4 shows the needle 40 in the position wherein 
the bore 32a, 35 is completely closed. Both the bore 32a, 
35 and the bores 36 are then completely closed. The 
mold is closed and the mold cavity 60 is empty. This is 
the Initial state of an injection molding cycle. 

In the situation shown in Fig. 5, the needle is with- 
drawn so far that the channels 32a, 35 and 36 are open. 
In that situation, the actual injection molding operation 
can start and, as shown in Fig. 9, an Injection pressure 
is built up, through means suitable for that purpose, for 
the first type of material Ml, in this example located in 
the oblique bore(s). In Fig. 9, the resulting volume flow 
VI of the material Ml is plotted out against the time t. Via 
the Injection channel 63, the first type of material Ml 
flows from the oblique bore(s) into the injection-molding 
cavity. The second type of material Mil cannot reach the 
central bore, because the pressure in the central bore 
is lower than in the oblique bores, as can be seen In Fig. 
10. 

When sufficient material of the first type has been 
injected into the mold cavity (point of time t1 in Fig. 9), 
the Injection pressure is reduced to a predetermined val- 
ue, with the volume flow decreasing to a low value of, 
for instance, 5%of the total volume flow. At that moment, 
the mold cavity can for instance be filled for ca. 70% with 
material Ml. as is shown schematically in Fig. 5. Also, 
through means suitable for that purpose, an Injection 
pressure is built up in the bore 32 for the second type of 
material Mil. The pressures are chosen so that the larg- 
er part of the flow of material fed to the mold cavity in 
this phase consists of material of the second type. The 
ratio can for instance be ca. 5- 10% of material of the first 
type and ca. 90-95% of material of the second type. In 
the Figure, the flow of the material MM of the second 
type is indicated at 66. The combined volume flow VI + 
VII. occurring after the point of time t1, displaces in a 
usual manner the material Ml already present in the 
mold cavity, so that within the material Ml a core of ma- 
terial Ml + Mil is created. However, as the material Ml 
is fed via the side channels 36, this material is located 
only in two narrow strips on the outside of the material 
MM. i.e. against the first material Ml. as shown in Fig. 6. 

In the situation shown in Fig. 6. the mold cavity is 
filled. After a brief after-pressure period, the injection 
pressure is removed from the two types of material 
(point of time t2 in Figs. 9 and 10). During a following 
cooling period, no material flows Into the mold cavity an- 



ymore and the material in the injection channel 63 
"freezes" (i.e. solidifies). Fig. 7 shows the situation after 
the cooling period. In the oblique bore(s) 36, a slight ex- 
cess pressure relative to the central channel is created 

5 during a short time (t3-t4), through means suitable for 
that purpose. As a result, the second type of material Is 
slightly forced back into the central bore 32. The central 
channel is as it were flushed out. No material can pen- 
etrate into the mold cavity anymore, because the sprue 

TO is "frozen". If the sprue Is not or not entirely frozen, still 
no material will penetrate into the mold cavity anymore, 
as a consequence of the slight value of the excess pres- 
sure and also because the mold cavity is already com- 
pletely filled. Hence, if so desired, the flushing out op- 

?5 eration can already start at a moment when the sprue 
is not yet or not entirely "frozen". This also holds for the 
examples to be described hereinafter. If so desired, a 
slight reduced pressure can be generated In the centra! 
bore by means suitable for that purpose, through de- 

20 compression, as is shown in Fig. 10. Now, between the 
head of the needle 40 and the central bore 35 which, 
viewed from the mold cavity is located beyond the ob- 
lique bore(s), exclusively material of the first type is 
present. Located in the central bore Itself are an outer 

2S layer of material of the first type and a core of material 
of the second type, with a small strip of material of the 
first type at the level of the oblique bore(s). Finally, the 
needle valve Is moved again in the direction of the mold 
cavity, as indicated in Fig. 8. The remainder of the sec- 

30 ond type of material which is still located in the part of 
the central bore 35 that connects directly to the injection 
channel 63 is mechanically compressed In the sprue of 
the preform and also covered with a layer of material 67 
of the first type Ml. Accordingly, the entire preform, in- 

35 eluding the sprue, is thus provided with an uninterrupted 
homogeneous outer layer of material of the first type. 
Also, the sprue material is cleaned, i.e. it no longer con- 
tains any material of the second type. 

Next, the mold is opened and the formed preform 

40 is removed, while the needle valve remains in the posi- 
tion of Fig. 8, which corresponds to that of Fig. 4. Be- 
cause of the reduced pressure created in the phase of 
Fig. 7 and the press-on treatment carried out in the 
phase of Fig. 8. which also has a cleaning effect, exclu- 

45 sively material of the first type is present in the oblique 
bore(s) 37 and also in the section of the central bore 32 
located adjacent the oblique bore(s), so that the injec- 
tion-molding apparatus is ready for a next cycle. In the 
first phase of that cycle, exclusively the first type of ma- 

50 terlal Ml can flow Into the mold cavity. 

Figs. 11-15 schematically illustrate an example of 
another method for manufacturing a hollow article, for 
instance a preform for a bottle, having a multilayered 
wall, by means of a controllable needle valve with dif- 

55 ferent positions and an injection nozzle to which differ- 
ent types of plastic material can be fed via different 
channels. According to Figs. 11-15, a needle valve is 
used which can be brought into three different positions 
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A, B and C, for instance in the manner indicated in Fig. 
2. The other parts of the apparatus shown also corre- 
spond to those of the apparatus shown in Fig. 2. 

Fig. 11 shows the initial position. The needle 40 is 
in the forward position A and the mold cavity is empty. 
The mold may or may not be closed. The first type of 
material Ml, which is to form the outer layer of the pre- 
form, is fed around the needle 40 via the central channel 
32, with the mold closed. The second type of material 
Mil is fed via one or more side channels formed by the 
central bore(s) 36. In the parts of the of the oblique bore 
(s) which connect to the central bore 35 of the injection 
nozzle and in the central channel 35, material of the type 
Ml is present. After the mold is closed, the injection- 
molding cycle can start. For this purpose, the needle 40 
is brought into the rearward position, position C, as 
shown in Fig. 12. Next, via the central channel 32, ma- 
terial of the type Ml is injected into the mold cavity at the 
injection pressure PI until the mold cavity is partly filled, 
for instance for ca. 70%. This situation is shown in fig. 
12. Fig. 16 shows the time curve of the injection pres- 
sure for material Ml and, similarly, the injection pressure 
for material MM. From Fig. 16 it appears that up to the 
point of time t1 after the start of the injection-molding 
cycle, material Ml is injected at injection pressure A. Fig. 
16 also indicates the needle position during the injec- 
tion-molding cycle. 

After sufficient material of the type Ml has been in- 
jected into the mold cavity, the needle is brought into 
position B, as shown in Fig. 13. In that position, the nee- 
dle closes the central bore 35, but the outlet of the ob- 
lique bore(s) in the bore 32a, in line with the central bore 
32, remains clear. In this needle position, material of the 
second type Mil is injected at injection pressure P2. In 
a known manner, the material Mil forms a core layer 
within the material Ml, as shown in Fig. 13. The injection 
of material MM approximately starts at point of time tl 
and lasts until t2, after which the mold cavity is filled and 
the pressure of material MM is reduced to a lower value 
P3. This is the so-called after-pressure value, serving 
to keep the material in the mold cavity under pressure 
during cooling down. The after-pressure period ends at 
t3. After a brief cooling period, which ends at t4, the 
sprue of the preform in the injection channel 63 is at least 
partly frozen. Then, the needle is brought into the rear- 
ward position again (position C), as shown in Fig. 14, 
and a reduced pressure P5 is created in the oblique bore 
(s) 36, as shown in Fig. 16for material Mil in period t4-t5. 
During substantially the same period, a low excess pres- 
sure P4 is created in the central channel 35, so that the 
central channel 35 and the central bore 32a, as well as 
the parts of the oblique bore(s) that connect to the bore 
32a, are filled with material of the first type Ml, Finally, 
as is shown in Fig. 15, the needle is moved towards po- 
sition A again, causing the needle to mechanically com- 
press in the sprue the material of the first type Ml and 
material of the second type MM which may or may not 
still be located before it. Despite the fact that the sprue 



is already "frozen", the mechanical press-on operation 
nevertheless provides a proper bond between the "fro- 
zen" material and the material pressed thereon by the 
needle. The result is again a preform having a wall con- 

5 sisting of three layers and an uninterrupted homogene- 
ous outer wall of material Ml. 

Another variant of the invention is illustrated in Figs. 
17-22. In acccordance with the variant, use is made of 
a needle having a short narrower portion 70, located at 

70 a short distance behind the head 71 of the needle. The 
narrowed or reduced portion 70 of the needle is located 
at such a distance behind the head 71 and has such a 
length that the narrowed portion 70 leaves clear a con- 
nection between the oblique bore(s) 36 and the central 

^5 channel 32 when the needle is in the forward position 
(position A). 

For the rest, the apparatus shown in Figs. 17-22 is 
similar or identical to the apparatus shown in Figs. 2, 
4-8 and 11-15. 

20 In the initial situation shown in Fig. 1 7, the mold cav- 
ity 60 is empty and the needle is in the forward position 
(position A). In the central channel 32,32a and in the 
ends, connecting thereto, of the side channels 36, ma- 
terial of the first type Ml is present. This material Ml is 

2S fed via the centra! channel, while material of the second 
type MM, which will form the core layer of the preform, 
is fed via the side channel orthe side channels 36. Then, 
the needle is brought into the rearward position (position 
C), as is shown in Fig. 18. In this needle position, ma- 

30 terial Ml is fed. via the central channel 32, to the mold 
cavity 60, until this mold cavity is for instance filled for 
ca. 70%. Then, the needle is brought into position B, 
wherein, as shown in Fig. 19, the head of the needle 
closes the end 32a of the central channel 32. In that po- 

55 sition of the needle, material MM is fed from the side 
channels into the mold cavity. The mold cavity is thus 
filled with material Ml, wherein, in a manner known per 
se, a core layer of material MM is formed at least at the 
location of the bottom of the preform to the formed and 

40 a part connecting to the bottom. 

When the mold cavity is completely filled, the nee- 
dle is brought into the forward position again. Material 
of the type MM which is still present in the front part 35 
of the central bore is pressed into the mold cavity and 

45 the pressure on the material in the mold cavity is main- 
tained. In this manner, material Mil is removed from the 
bore 35. Also, in this position of the needle, a reduced 
pressure is created in the side channels (decompres- 
sion) and/or an excess pressure is created in the central 

50 channel, so that via the reduced portion 70, material Ml 
is displaced from the central channel into the side chan- 
nels. This situation is shown in Fig. 20. After that, the 
needle is withdrawn into position C, causing the entire 
front part of the centra! channel to be filled with material 

55 of the first type Ml (fig. 21 ). Finally, after the sprue of the 
preform has been "frozen" completely or partly, the nee- 
dle is moved forwards again, as shown in Fig. 22, and 
a covering of material Ml is again mechanically pressed 



6 



I 



11 EPO- 

onto the material Mil in the sprue. 

Further, for completeness' sake, Figs. 23-28 sche- 
matically illustrate a method for obtaining a preform hav- 
ing a completely closed outer surface by means of a 
needle having a narrowed portion, as used in the meth- 
od illustrated in Figs. 17-22. and utilizing only two posi- 
tions (positions A and C). 

Fig. 23 shows the initial position. The various parts 
of the apparatus shown correspond to those of the other 
Figures. The mold cavity is empty. The needle is in the 
forward position (position A). Material Ml for the outer 
layer of the preform to be formed is fed via the side chan- 
nels 36. Material MM for the core layer is fed via the cen- 
tral channel. The material Ml is located in the side chan- 
nels and also adjacent the end of the central channel 32 
around the needle. Via the reduced portion of the nee- 
dle, the side channels communicate with the central 
channel 35. In the following phase, the needle is with- 
drawn into position C (Fig. 24) and material Ml is injected 
into the mold cavity from the side channels, until the cav- 
ity is filled to a predetermined degree, for instance 70%. 
In the next phase (Fig. 25), the injection pressure of the 
material Ml is reduced and the central channel is pres- 
surized. The mold cavity is then filled further with mate- 
rial MM and a slight percentage of material Ml. In this 
phase, for instance 28% Mil and 2% Ml can be fed. 
When two side channels are used, as shown in Figs. 
23-28, the material Ml in this phase forms two small 
strips along the material Mil, in a similar manner as 
shown in Fig. 6. Then, the needle is brought into the for- 
ward position again (Fig. 26). This involves cleaning and 
closing of the central channel beyond the side channels. 
Also, a reduced pressure is created in the central chan- 
nel (decompression) and/or an excess pressure is cre- 
ated in the side channels, causing material Ml to flow, 
via the reduced portion of the needle, from the side 
channels into the central channel and to force back the 
material MM somewhat. After a predetermined press-on 
time, the needle is withdrawn again (Fig. 27). The front 
portion 35 of the central channel is thereby released and 
is filled with material Ml. After that, the needle is brought 
into the forward position again (Fig. 28), as a result of 
which the material Mil in the sprue of the preform, which 
material is meanwhile completely or partly "frozen", is 
covered with a covering of material Ml, pressed-on me- 
chanically. 

For completeness' sake, Fig. 29 shows an enlarged 
view of the bottom portion with the sprue of a preform 
for a bottle, manufactured according to the invention. It 
is clearly visible that everywhere, and in particular also 
at the location of the sprue, the core material MM is com- 
pletely surrounded by surface material Ml. As a result, 
the chances of the surface material coming loose from 
the core material are reduced considerably, or even to 
zero. Special bonding layers, as have been used in the 
past, can then be omitted. 

It is observed that after the foregoing, various mod- 
ifications will readily occur to a skilled person. For in- 
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stance, the mechanical compression of a slight amount 
of material of the first type. i.e. of the material of the outer 
layer of the preform, can also be applied if the preform 
wall has more than three layers. Likewise, through the 

5 use of decompression in the feed channels of material 
of the second, third, fourth etc. type, in combination with 
the feed of material of the first type to the central chan- 
nel, it can be provided that at the desired point of time, 
i.e. precisely after and/or during the "freezing" of the 

10 sprue, material of the first type is located before the nee- 
dle. 

Further, in the foregoing, in each case one or more 
side channels are started from, which side channels 
open into the central channel but are not concentric 
>5 therewith. However, the mechanical pressing on of the 
sprue can also take place with the use of a central chan- 
nel and a conical further channel concentrically formed 
therewith and connecting thereto. 

These and other modifications are understood to 
20 fall within the framework of the invention. 



Claims 

2S 1. A method for manufacturing hollow plastic articles 
having a wall which at least partly consists of at least 
one core layer and two outer layers covering the 
core layer on both sides, in particular suitable for 
manufacturing preforms for bottles, wherein use is 

30 made of an injection-molding machine with a mold 
comprising at least one mold cavity, and an injection 
nozzle which, via an injection channel in the mold, 
connects to the mold cavity and has a central ma- 
terial feed channel, a needle of a controllable nee- 

35 die valve, which needle is active in the central ma- 
terial feed channel and can close or release the part 
of the central material feed channel located adja- 
cent the injection channel, and at least one further 
material feed channel, opening into the central ma- 

40 teria! feed channel, wherein first a plastic material 
of a first type for forming the outer layers is fed to 
the mold cavity and then at least one plastic material 
of a second type for forming at least one core layer, 
characterized In that after the feed of the material 

45 of a second type to the mold cavity, material of the 
first type is fed to the central channel in at least the 
space before the free end of the needle, and that 
after the material in the injection channel is at least 
partly frozen, the needle is moved to the injection 

so channel for mechanically compressing, in the sprue 
of the plastic article located in the injection channel, 
the material located before the needle. 

2. A method according to claim 1 , characterized in 
55 that an injection nozzle is used having a central ma- 
terial feed channel of a larger diameter than the 
needle and a central bore which is in line with the 
central channel and connects to the inj ction chan- 
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nel, which central bore has substantially the same 
dianneter as the needle and can receive the needle 
in a closing nnanner, and having at least one side 
channel which laterally opens into the central bore. 

3. A method according to one of the preceding claims, 
characterized in that prior to the sprue being me- 
chanically compressed, the material of the first type 
is fed to the central channel through displacement 
of the material of the second type by means of a 
pressure difference between the channel for the 
material of the first type and the channel for the ma- 
terial of the second type. 

4. A method according to claim 3, characterized in 
that during the displacement of the material of the 
second type, a reduced pressure is exerted on said 
material. 

5. A method according to any one of the preceding 
claims, characterized in that the material of the 
first type is fed via the at least one further material 
feed channel, and that the material of the second 
type is fed via the central channel. 

6. A method according to claim 5, characterized in 
that two positions of the needle are used, wherein 
in the first or rearward position, the needle leaves 
clear the central material feed channel and the at 
least one further material feed channel, whilst in the 
second or forward position, the needle closes all 
material feed channels and extends to the injection 
channel. 

7. A method according to claim 6, characterized in 
that at the start of an injection-molding cycle, the 
needle is in the fonward position and is then with- 
drawn into the rearward position, that thereafter, 
material of the first type is injected, via the at least 
one further channel, into the mold cavity until said 
cavity is partly filled, that the injection pressure of 
the first type of material is then reduced and an in- 
jection pressure is exerted on the second type of 
material, so that the mold cavity is further filled to 
form a core layer consisting of the second type of 
material and a slight amount of the first type of ma- 
terial, that then, after a predetermined cooling peri- 
od, a reduced pressure is created in the central 
channel and/or an excess pressure is created in the 
at least one further channel, and that, finally, the 
needle is pressed into the forward position for com- 
pressing the material located before the needle in 
the sprue. 

8. A method according to claim 7, characterized in 
that a needle is used which, at a short distance be- 
hind the head of the needle, is provided with a nar- 
rowed portion, wherein the narrowed portion in the 



forward position of the needle forms a connection 
between the central channel and the at least one 
further channel, and that after the material for the 
core layer has been injected, the needle is brought 

5 into the forward position for cleaning the front part 
of the central channel, that, next, the material of the 
second type is displaced by the material of the first 
type in the part of the central channel that connects 
to the front part, that, thereafter, the needle is 

10 brought into the rearward position and, after the 
sprue is at least partly "frozen", is brought into the 
forward position again. 

9. A method according to any one of claims 1 -4, char- 
75 acterized in that the material of the first type is fed 
via the central channel and that the material of the 
second type is fed via the at least one further chan- 
nel. 

20 10. A method according to claim 9, characterized in 
that three positions of the needle are used, wherein 
in the first or rearward position, the needle leaves 
clear the central channel and the at least one further 
channel, wherein in the second or forward position, 

25 the needle closes all material feed channels and ex- 
tends to the injection channel; and wherein, in the 
third or intermediate position, the material feed from 
the central channel is blocked and the at least one 
further channel is free. 

30 

11. A method according to claim 10, characterized in 

that at the start of an injection-molding cycle, the 
needle is in the forward position, is then withdrawn 
into the rearward position, that thereafter, via the 

55 central channel, material of the first type is injected 
into the mold cavity until said mold cavity is partly 
filled; that the needle is then brought into the inter- 
mediate position and, via the at least one further 
channel, material of a second type is injected into 

40 the mold cavity until said mold cavity is filled for 
forming a core lalyer; that the needle is then brought 
into the rearward position and a reduced pressure 
is created in the at least one further channel, so that 
the material of the second type is displaced from 

45 the central channel and the parts of the at least one 
further channel that connect thereto by material of 
the first type; and that, finally, after the sprue is at 
least partly "frozen", the needle is brought into the 
forward position for mechanically compressing the 

50 material located before the needle in the sprue. 

12. A method according to claim 11 . characterized in 

that a needle is used which, at a short distance be- 
hind the head of the needle, is provided with a nar- 
55 rowed portion, wherein the narrowed portion, in the 
forward position of the needle, forms a connection 
between the central channel and the at least one 
further channel; and that after the injection of the 
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second type of material, the needle is brought into 
the forward position for cleaning the front part of the 
central channel, that then, via the narrowed portion 
of the needle, the material of the second type is dis- 
placed by material of the first type in the part of the s 
at least one further channel that connects to the 
central channel, that thereafter, the needle is 
brought into the rearward position and then, after 
the sprue is at least partly "frozen", into the forward 
position for mechanically compressing the material io 
located before the needle in the sprue. 



closed by a cylinder bottom (54), wherein between 
each pair of pistons, respectively between a piston 
and the cylinder bottom and above the piston fixedly 
connected to the end of the closing means, a cham- 
ber Is located communicating with a line (46,52.58) 
via which line a pressure medium can be fed to the 
chambers. 

17. An apparatus according to clam 16, characterized 
in that the different cylinder sections and the asso- 
ciated pistons have different diameters. 



13. An apparatus for manufacturing hollow plastic arti- 
cles having a wall which at least partly consists of 
at least one core layer and two outer layers covering 
the core layer on both sides, in particular suitable 
for manufacturing preforms of bottles, wherein use 
is made of an injection-molding machine with a 
mold comprising at least one mold cavity, and a in- 
jection nozzle which, via an injection channel in the 
mold, connects to the mold cavity and has a central 
material feed channel, a needle of a controllable 
needle valve, which needle is active in the central 
material feed channel and can close or release the 
part of the central material feed channel located ad- 
jacent the injection channel, and at least one further 
material feed channel, opening into the central ma- 
terial feed channel, wherein means are provided for 
first feeding to the mold cavity a plastic material of 
a first type for forming the outer layers, and then 
feeding to the mold cavity at least one plastic ma- 
terial of a second type for forming at least one core 
layer, characterized in that the controllable needle 
valve is adapted to mechanically compress, at the 
end of an injection-molding cycle, material located 
before and in the injection channel after the sprue 
of the hollow article, which sprue is located in the 
injection channel, is at least partly "frozen". 

14. An apparatus according to claim 1 3, characterized 
by means for temporarily creating a reduced pres- 
sure in the feed channel for the second type of ma- 
terial. 

15. An apparatus according to claim 1 3 or 14, charac- 
terized in that the injection nozzle comprises a 
central bore and at least one side channel laterally 
opening into the central bore. 

16. An apparatus according to any one of claims 1 3-1 5, 
characterized in that the needle valve has an end 
remote from the outlet channel, which end extends 
into a cylinder (45) having a number of successive 
sections, wherein the end (43) of the needle valve 
is fixedly connected to one of the pistons located in 
one of the cylinder sections, and wherein in at least 
one other section of the cylinder an associated pis- 
ton is located, and the at least one other section is 



18. An apparatus according to claim 16 or 17, charac- 
terized in that the pressures of the pressure media 

^5 that can be fed via the lines (46,52.58) are not all 
equal. 

1 9. An apparatus according to any one of claims 1 6-1 8, 
characterized in that the end (42a) of the needle 

20 valve is connected to the piston (43) having the 
smallest diameter and that the needle valve has its 
smooth shank (42) extending through the other pis- 
tons and the cylinder bottom in a closing yet slidable 
manner. 

25 

20. An apparatus according to claim 1 9, characterized 
in that located below the piston having the smallest 
diameter is a second piston having a slightly larger 
diameter, and that located below the second piston 

30 is a third piston having yet a slightly larger diameter. 

21 . An apparatus according to any one of claims 1 6-20, 
characterized in that the chambers have a mini- 
mum dimension determined by projections provid- 
es ed on the pistons. 

22. An apparatus according to any one of claims 1 6-21 , 
characterized by controllable energizing means 
for the pressure lines. 

40 

23. An apparatus according to any one of claims 1 3-22. 
characterized in that the needle, at a short dis- 
tance behind the front end thereof, is provided with 
a narrowed portion having a length so that in the 

4S forward position of the needle, it forms a connection 
between the central material feed channel and the 
at least one further channel. 

24. A preform for a container having a wall which at 
50 least partly comprises at least one core layer of a 

second type of material enclosed between an outer 
and an inner layer of a first type of material, char- 
acterized by a sprue covered with a covering, pro- 
vided through mechanical pressure, of material of 
55 the first type, said covering connecting to the outer 
layer. 
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